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Abstract 

Fluorination of cyclobutane- and cyclopentane-polycarboxylic acids having carboxylic groups in cir positions with SF, yields 
mainly cyclization products, i.e. cyclic cy,cu,cy’,cy’-tetrafluoroethers. 1,3-Cyclization was observed during fluorination of cyclo- 
pentanetetracarboxylic acids. 
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1. Introduction 

The formation of cyclic a,cz,a’,a’-tetrafluoroethers 
during the fluorination of polycarboxylic acids with SF, 
is governed mainly by steric factors, i.e. by the mutual 
separation and spatial configuration of the carboxylic 
groups [l-3]. With acyclic polycarboxylic acids con- 
taining carboxylic groups at the 1,2- and 1,3-positions, 
the formation of the corresponding 5- and 6-member 
cyclic (Y,(Y,(Y’,(Y’-tetrafluoroethers has been observed in 
low yield [4]. 

2. Experimental 

‘H and 19F NMR spectra were measured with a 
Bruker WP-200 NMR spectrometer using TMS and 
CFCl, as respective internal standards and acetone-d, 
as the solvent. Upfield 19F chemical shift values are 
negative. Gas-liquid chromatography was carried out 
with a Chrom 5 chromatograph using FID and helium 
as the carrier gas. A stainless-steel column (2500x 3 
mm) filled with 10% polyphenylmethylsiloxane on Chro- 
matone AW (0.20-0.25 mm) was employed. Preparative 
GLC was carried out with a PACHV 07 chromatograph 

*Dedicated to Professor L.M. Yagupolskii on the occasion of his 

70th birthday. 
*Corresponding author. 

fitted with a thermal conductivity detector, a stainless- 
steel column (2600x 12 mm) filled with 10% poly- 
phenylmethylsiloxane on Chromatone N-AW-HMDS 
(0.32-0.40 mm) being used with helium as the carrier 
gas. All boiling and melting points reported are un- 
corrected. 

2.1. Treatment of carboxylic acids with SF,. General 
procedure 

An acid and SF, were reacted in a stainless-steel 
cylinder using the relevant amounts of reactant, reaction 
time and temperature as indicated in Table 1. The 
gaseous products were released and the liquid residue 
poured into ice/water. The organic layer was separated, 
dried over P,O, and purified by distillation or prep- 
arative GLC, as necessary. The physical properties and 

Table 1 
Reactions of carboxylic acids with SF, 

Acid SF, Reaction conditions Reaction 
(mmol) product(s), 

No. mm01 Temperature Time yield 

(“C) (b) (%) 

1 50 418 145 7 2, 70; 3, 8 

4 13 198 90 7 5, 70 

6 16 200 115 6 7, 86 

8 50 550 115 8 9,80; lo,15 
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analyses of the products are listed in Table 2 and the cis-6,8-Bis(t~puoromethyl)-Iaza-transoid-bicyclo- 
NMR spectral data in Table 3. [3,3. O’r ‘Joctane-2,4-dione (13) 

3,5-Bis(triJIuoromethyl)-l,2-cis-2,3-trans-3,5-cis-~~l0- 
pentane-1,2-dicarboxylic acid (11) 

A mixture of compounds 9 and 10 (4.3 g), obtained 
in the reaction of trans,cis,trans-cyclopentane-1,2,3,4- 
tetracarboxylic acid (8) with SF,, was heated at 100 
“C (4 h) in a sealed tube with 4.9 g of 6% oleum and 
then cooled to 195 K (Dry Ice). Water (1 cm’) was 
added and the colourless precipitate which formed 
collected by filtration and recrystallized from water. 

3,5-Bis(t~~uoromethyl)-l,2-trans-2,3-trans-3,5-cis-cyclo- 
pentane-1,2-dicarboxylic acid (12) 

3,5-Bis(trifluoromethyl)-1,2-cis-2,3-tranclo- 
pentane-1,2-dicarboxylic acid (11) and excess concen- 
trated hydrochloric acid were heated at 200 “C (2 h) 
in a sealed tube. The 19F NMR spectrum showed a 
30% conversion of acid 11 to acid 12. 

Table 2 

Physical properties of compounds prepared 

A solution consisting of 0.735 g (2.5 mmol) of com- 
pound 11 in ether was added to an excess of ether 
saturated with dry ammonia. The ammonium salt of 
11 was collected by filtration and dried in z)acuo at 
100 “C. It was then heated at 185-200 “C (0.5 h) to 
allow cyclization. The residue was sublimed at 80-85 
“C in vacua (20 mmHg). Yield, 0.68 g (99%). Re- 
crystallization of this product from benzene afforded 
13 as colourless crystals. 

3. Results and discussion 

Fluorination of cis,truns,cis-1,2,3,4qclobutanetetra- 
carboxylic acid (1) with SF, under relatively forced 
conditions (7 h at 145 “C) yielded the tricyclic diether 
2 as the main product together with smaller amounts 
of the bicyclic ether 3 (Scheme 1). The fully fluorinated 
product, cis,trans,cis-1,2,3,4-tetrakis(trifluoromethyl)- 
cyclobutane was not formed. 

Fluorination of truns,truns,trans-1,2,3,4-qclobutane- 
tetracarboxylic acid (4), which was obtained by iso- 
merization of acid 1 [5], when conducted at much lower 
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Table 3 

NMR data of compounds prepared 

Formula Nucleus 

No. 

Signal 

struct. 

Chemical shift 

@pm) 

Coupling constants 

(Hz) 

1 

2 
AB - 60.75 ‘J,, 2 = 146.9 

AE3 - 80.60 ‘r,, , = 146.9 

1 

2 

3 

bs - 67.88 

bd - 63.08 

bd - 81.72 

3J>.3=140 

‘r,, 2 = 140 

i 
F3 dt - 72.21 

bs 3.77 

‘J*,,=6.8 
“J,.,= 1.7 

1 

2 

bd - 60.00 ‘JI, 2 = 144 

bd - 78.49 ‘J,. , = 144 

bd -61.43 *r,,,= 153 

bd -71.88 ‘J+3=153 

1 

2 

3 

bs - 70.54 

bd -63.28 

bd - 72.81 

*Jz, 3 = 147 

‘J,.*= 147 

bd - 76.86 

bd - 69.63 

dm -58.87 

dm - 76.44 

‘J,,z= 152 
*J2,, = 152 
zJ3,4= 147 
‘J,, 3 = 147 

COOH 
2 

1 d - 70.35 3J*,*=8.8 

2 

F3 
1 d - 66.91 ‘J,,,=8.7 

2 d - 69.57 ?r,, = 8.4 4 

1 d -70.10 ?1,,,=8.5 
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temperatures (90 “C) gave only the fully fluorinated 
product, truns,truns,trans-1,2,3,4-tetrakis(trifluoro-me- 
thyl)cyclobutane (5) (Scheme 2), but no products of 
1,3qclization or bicyclic and tricyclic ethers were ob- 
served. 

Fluorination of cis,cis,cis-1,2,3,4qclopentanetetra- 
carboxylic acid (6) with SF, at 115 “C yielded the 
tricyclic diether 7 as the sole product (Scheme 3). 

Fluorination of truns,cis,truns-1,2,3,4-cyclopentane- 
tetracarboxylic acid (8) with SF, at 115 “C yielded the 
bicyclic ether 9 as the major product together with 
small amounts of the tricyclic diether 10 (Scheme 4). 

The structure of bicyclic ether 9 has been demon- 
strated by NMR spectroscopy and by acid hydrolysis 
(oleum) to the corresponding dicarboxylic acid 11. The 
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6 

Scheme 6. 

8 

Scheme 7. 

latter was converted to the tram isomer 12 and to the 
cyclic imide 13 (Scheme 5). 

The possibility of the formation of bicyclic and tricyclic 
ethers is in agreement with known information that 
cyclobutane- and cyclopentane-polycarboxylic acids 
form (or do not form) corresponding polycyclic an- 
hydrides as listed in Scheme 6. 

However, in the case of truns,cis,truns-1,2,3,4-cyclo- 
pentanetetracarboxylic acid (8) only the monoanhydride 
17, but not the dianhydride 18, was obtained [7] (Scheme 

7). 
It should be noted that the formation of the tricyclic 

ether 10 is the first recorded example of the 1,3- 
cyclization of cyclic alkanepolycarboxylic acids during 
fluorination with SF,. 
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